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Abstract 
 
 
  This study is conducted to know the pattern of hydrocephalus and 
to assess its psychosocial impact on children and their families, who 
attended the referred clinics in the three main hospitals; Alshaab 
Teaching Hospital, Soba Teaching Hospital and Al Rabat Hospital during 
the period May – August 2005. 
 The study included 100 patients with their mothers. 
 The majority of children aged < 1 year (76%) with male to female 
ratio of 1.6 : 1  i.e. slight male predominance. 
 Sixty-three percent of the children in the study were an outcome of 
consanguineous parents and there was family history in 3%. 
 74.6% of children with congenital hydrocephalus were later born 
and this was significant with p value = 0.003. 
 High maternal age was significantly associated with congenital 
hydrocephalus (P. value = 0.01), mothers > 25 years had children with 
congenital hydrocephalus in 64.4%. 
 Hydrocephalus was mainly congenital in type (71%) and out of 
them 38% associated with neural tube defects (NTDs). in the acquired 
type post meningitic hydrocephalus (PMH) constitute 22% post 
encephalitic 2% and 5% post tumoural hydrocephalus. 
  Sixty seven percent of the patients had stunted growth with their 
weight and height < 3rd percentile for age.   
 Head circumference ranged from 35-101 cm with 74% > 90th 
percentile. 
 Sixty-two percent of the patients were not operated i.e. have no 
shunt, 38% were operated. 
 The majority of families were of low economic status (59%) in 
which hydrocephalus constitutes a large financial burden. Help was 
provided to 52% from charity organization, which paid only 50% of the 
treatment cost. 
 Marital life of the parents was disturbed in 2% (divorced) because 
of their child’s illness, as their social life disturbed in 69%. 
Anxiety and depression were found in most of the mothers in (97%) and 
(93%) respectively and were attributed to the illness of their children and 
its complications.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  ﻣﻠﺨﺺ  اﻻﻃﺮوﺣﺔ
ﺪﻣﺎﻏﻲ ﻭﺗﻘﺪﻳﺮ ﺍﺛﺮﻩ ﺍﻟﻨﻔﺴﻲ ﻫﺬﻩ ﺍﻟﺪﺭﺍﺳﺔ ﻟﻤﻌﺮﻓﺔ ﺍﻧﻤﺎﻁ ﺍﻻﺳﺘﺴﻘﺎﺀ ﺍﻟﺍﺟﺮﻳﺖ   
  .ﻭﺍﻻﺟﺘﻤﺎﻋﻲ ﻋﻠﻲ ﺍﻻﻃﻔﺎﻝ ﻭﺍﺳﺮﻫﻢ 
ﺳﻮﺑﺎ . ﻡ, ﺍﻟﺸﻌﺐ ﺍﻟﺘﻌﻠﻴﻤﻲ . ﻡ)ﻭﻗﺪ ﺗﻤﺖ ﺍﻟﺪﺭﺍﺳﺔ ﻓﻲ ﺛﻼﺙ ﻣﺴﺘﺸﻔﻴﺎﺕ ﺭﺋﻴﺴﻴﺔ   
   .5002ﺧﻼﻝ ﺍﻟﻔﺘﺮﺓ ﻣﻦ ﻣﺎﻳﻮ ﺍﻟﻲ ﺍﻏﺴﻄﺲ ( ﺍﻟﺮﺑﺎﻁ. ﻡ, ﺍﻟﺘﻌﻠﻴﻤﻲ 
  .ﻣﺮﻳﺾ ﻭﺍﻣﻬﺎﺗﻬﻢ ( ﻣﺎﺋﺔ  )001ﺷﻤﻠﺖ ﺍﻟﺪﺭﺍﺳﺔ   
ﻭﺍﻥ ﻧﺴﺒﺔ , % 67ﺖ ﺍﻋﻤﺎﺭﻫﻢ ﺍﻗﻞ ﻣﻦ ﺳﻨﺔ ﺑﻨﺴﺒﺔ ﻭﻗﺪ ﻭﺟﺪ ﺍﻥ ﻣﻌﻈﻢ ﺍﻻﻃﻔﺎﻝ ﻛﺎﻧ  
ﻧﺴﺒﺔ ﺍﻻﻃﻔﺎﻝ ﺍﻟﺬﻳﻦ ﺗﻤﺖ ﻭﻻﺩﺗﻬﻢ  ﻣﻦ ﺍﺑﻮﻳﻦ ﻟﺪﻳﻬﻢ ﻗﺮﺍﺑﺔ  . 1 : 6.1ﺍﻟﺬﻛﻮﺭ ﺍﻟﻲ ﺍﻻﻧﺎﺙ 
  % .3ﻭﺍﻥ ﻫﻨﺎﻟﻚ ﺣﺎﻻﺕ ﻣﻤﺎﺛﻠﺔ ﻟﻠﻤﺮﺽ  ﻓﻲ ﺍﻻﺳﺮﺓ ﺑﻨﺴﺒﺔ % 36ﺍﺳﺮﻳﺔ ﻛﺎﻧﺖ 
ﺎﻝ ﺍﻟﺬﻳﻦ ﻭﻗﺪ ﻭﺟﺪ ﺍﻥ ﻧﺴﺒﺔ ﺣﺎﻻﺕ ﺍﻻﺳﺘﺴﻘﺎﺀ ﺍﻟﺪﻣﺎﻏﻲ ﺍﻟﺨﻠﻘﻲ ﻛﺎﻧﺖ ﻛﺒﻴﺮﺓ ﻓﻲ ﺍﻻﻃﻔ  
  %( .6.47)ﺗﻢ ﻭﻻﺩﺗﻬﻢ ﻣﺘﺄﺧﺮﺍ  ﻓﻲ ﺍﻻﺳﺮﺓ 
ﻭﻧﺴﺒﺔ ﺍﻻﺳﺘﺴﻘﺎﺀ   ﺳﻨﺔ 52 <ﻭﻗﺪ ﻛﺎﻧﺖ ﻫﻨﺎﻟﻚ ﻋﻼﻗﺔ ﺑﻴﻦ ﺍﺭﺗﻔﺎﻉ ﺍﻋﻤﺎﺭ ﺍﻻﻣﻬﺎﺕ   
  %( .  4,46)ﺍﻟﺪﻣﺎﻏﻲ ﺍﻟﺨﻠﻘﻲ 
ﺍﺳﺘﺴﻘﺎﺀ ﺩﻣﺎﻏﻲ % 17) ﺑﺎﻟﻨﺴﺒﺔ ﻻﻧﻮﺍﻉ ﺍﻻﺳﺘﺴﻘﺎﺀ ﺍﻟﺪﻣﺎﻏﻲ ﺍﻟﺘﻲ ﻭﺟﺪﺕ ﻛﺎﻥ ﻣﻨﻬﺎ 
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  % .83ﻟﺪﻳﻬﻢ ﻋﻴﻮﺏ ﺍﻟﻘﻨﺎﺓ ﺍﻟﻌﺼﺒﻴﺔ 
ﻛﺎﻥ ﻟﺪﻳﻬﻢ ﺍﺳﺘﺴﻘﺎﺀ ﺩﻣﺎﻏﻲ ﻋﺎﺋﺪ ﺍﻟﻲ ﺍﻟﺘﻬﺎﺏ % 92ﻭﻣﻦ ﺑﻴﻦ ﺍﻟﺤﺎﻻﺕ ﺍﻟﻤﻜﺘﺴﺒﺔ   
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Chapter One 
1- INTRODUCTION AND LITERATURE REVIEW 
 
1.1      Definition: 
The term hydrocephalus(H) is derived from a Greek word "Hydro" 
meaning water and "Cephalus" meaning head. As the name implies it is a 
condition in which the primary characteristic is excessive accumulation of 
cerebrospinal fluid (CSF) fluid in the brain. This result in abnormal 
dilation of the spaces in the brain called ventricles, which leads to 
harmful pressure on the tissues of the brain1.  
 
1.2   Physiology:                                                                                      
CSF is a plasma ultra filtrate produced in a volume of 50ml in 
infants and 150ml in adults in a rate of 0.2 and 0.4 ml /min.  ~ 20 ml / hr  
in a daily production rate of ~ 48 ml, 2 this means that the turnover of CSF 
is approximately 3 times daily3.  It has three important life sustaining 
functions: 
1. To keep the brain tissue buoyant, acting as cushion "shock 
absorption". 
2. Acting as the vehicle for delivering nutrients to the brain   and 
removing waste. 
 2
3. Flows between the cranium and the spine to compensate for 
changes in intracranial blood volume (the amount of blood 
within the brain) 1. 
   CSF is produced by active process primarily in the ventricular 
system by the choroids plexus, which is situated in the lateral, 3rd and 4th 
ventricles. ~ 80 – 85 % and the rest 15% originates from extra-choroidal 
sources, including the capillary endothelium within the brain 
parenchyma2.  
The production of CSF is regulated not only by the homeostatic 
environment, but also neurologically as the choroids plexus is innervated 
by adrenergic and cholinergic nerves. Stimulation of adrenergic nerves 
diminishes CSF production; where as excitation of cholinergic nerves 
may double the normal production2,3.  
CSF flow results from pressure gradients that exist between the 
ventricular system and venous channels. Intra-ventricular pressure may be 
as high as 180 mm Hg2 in the normal state, whereas the pressure in the 
superior sagittal sinus is in the range of 90 mm Hg2.  
Most of the fluids produced in the lateral ventricles and the 
normal flow is then through the foramine of Monro into the 3rd ventricle 
and subsequently down the aqueduct of sylvius into the 4th ventricle, from 
there it passes laterally and inferiorly out of the 4th ventricle via the 
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foramina of Luscha and Magendie, to circulate over the surface of the 
cortex and re absorbed by arachnoid villi3 in the sagital sinus. 
CSF is absorbed to a much lesser extent by lymphatic channels 
directed to the paranasal sinuses, along the nerve root sleeves, and by the 
choroid plexus itself 2.  
 
1.3  Epidemiology: 
The reported incidence of infantile hydrocephalus is 
approximately 2 – 4 / 1000 live births. It ranks as the 2nd most common 
congenital neurological malformation in North America, after spinabifia4.  
However, this is probably a gross underestimate of the overall incidence, 
since many cases of H are associated with other conditions and are not 
diagnosed until later in life.  
Generally, incidence is equal in males and females. The exception 
is Bickers- Adams syndrome, an X linked transmitted by females and 
manifested in males. Normal pressure hydrocephalus (NPH) has slight 
male predominance5.  
The prevalence of congenital and infantile hydrocephalus is 
between 0.48 to 0.81/1000 births (live and still)6,7. A significant 
percentage of these patients will be left with persistent neurological 
deficit7,8. Congenital abnormalities affecting the circulation of CSF are 
present in some 45%9. 
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1.4  Clinical Presentation: 
Symptoms of hydrocephalus vary with age, disease progression, 
the duration and rate of rise of the intracranial pressure (ICP), and 
individuals' difference in tolerating this high CSF pressure. 
The infant’s skull can expand to accommodate the build up of 
CSF because the sutures have no yet closed and the most common 
indication of H is the rapid increase in the head circumference (H.C.), 
H.C is in the 98 percentile for the age, or geater10.  Sleepiness, irritability, 
down word deviation of the eyes (sun setting), seizures and failure to 
thrive are the common presentation. 
   In older children and adults may experience different symptoms 
because their skills cannot expand to accommodate the buildup of CSF. 
In older children or adults symptoms may include headache followed by 
vomiting, nausea, papilledema, blurred vision, diplopia, sun setting of the 
eyes, problems in balance, poor coordination, gait disturbance, urinary 
incontinence, slowing or loss of development, lethargy, drowsiness, 
irritability, or other changes in personality or cognition including memory 
loss1.  
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1.5  Types of Hydrocephalus: 
H. may be congenital or acquired. Congenital H. is present at 
birth, and may be caused by either environmental influence during fetal 
development or genetic predisposition. Acquired H develops at the time 
of birth or at some point afterward. This type of H. can affect individuals 
of all ages and may be caused by injury or disease. 
H. may be communicating or noncommunicating, Communicating 
H. occurs when the flow of CSF is blocked after it exists from the 
ventricles. This form is called communicating because the CSF can still 
flow between the ventricles, which remain open. Non-communicating H. 
also called "Obstructive H" occurs when the flow of CSF in blocked 
along one or more of the narrow pathways connecting the ventricles1.  
There are two other forms of hydrocephalus, which do not fit 
distinctly into the categories mentioned above and primarily affected 
adult.   These are: 
Normal pressure hydrocephalus (NPH) which was described in 
1965 by Hakim and Adams as a new syndrome in 3 patients showing a 
characteristic clinical triad of altered mentation, gait difficulties and 
sphincter disturbances together with ventricular dilatation and normal 
pressure of CSF at lumbar puncture11. 
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This type is non specific to adult population, since it may be not 
uncommonly encountered in pediatrics, especially in an implanted shunt 
malfunction12-19.   
From clinical standpoint, a pediatric form of the triad may be 
characterized by the following; 
1. Subtle mental deterioration manifested by poor or 
decreasing school performances. 
2. Anomalies of gait manifested by either walking retardation 
in infant or by repeated falling spells in older children. 
3. Anomalies of micturation with delayed bladder control, 
whose relation to H. is frequently overlooked or ascribed 
to enuresis. Mechanism is grossly similar to that found in 
adult patients which is namely, a failure of the supraspinal 
detrusor inhibitory centers12,20,21.  
Pediatricians should be aware of the possible occurrence of slowly 
progressive symptomatic H. in children. Specially, patients with shunt 
malfunction may show subtle deterioration of their psycho- intellectual 
performance without overt signs of intracranial hypertension. 
Such a condition may be misdiagnosed as shunt independent 
arrested H over looking the fact that it is still active and that shunt 
revision may be beneficial12,13,22.  
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Intermittent intracranial hypertension has been noted during 
monitoring of patents in which NPH is suspected5.  
▪ Arrested H. is defined as stabilization of known ventricular 
enlargement, probably secondary to compensatory mechanisms. 
These patients may decompensate, especially following minor 
head injuries. 
▪ Benign external H. is a self-limiting absorption deficiency of 
infancy and early childhood, with raised ICP and enlarged sub-
arachnoids spaces. The ventricles usually are not enlarged 
significantly, and resolution within one year is the rule23. 
▪ Hydrocephalous ex-vacuo occurs when there is damage to the 
brain caused by stroke or traumatic injury. In these cases, there 
may be actual shrinkage (atrophy or wasting) of brain tissue, so 
the CSF increase purely as a compensatory mechanism, such 
conditions are not the result of hydro dynamic disorder and don't 
have treatment implication, therefore, are not classified as H. only 
can be a part of differential diagnosis in a patient with suspected 
H3. 
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1.6  Cerebral Metabolic Changes in Hydrocephalus: 
In studying hydrocephalus, the cause (and any direct cerebral 
effects this disease process may have) must be distinguished from the 
effect of raised intracranial pressure of brain deformation as a result of 
the ventriculomegaly. 
Most studies, in both animal and humans, initially concentrated on 
cerebral blood flow and sound that H was usually associated with 
decrease in cerebral blood flow (40 – 64 %) but not to levels that might 
cause ischemic damage24-26.  
It has long been believed that "Hydrocephalus" is mainly a white 
matter disease25, and axonal degeneration was commonly observed. 
Likewise, periventricular reactive gliosis has been well documented26. 
Certainly, there is no correlation between cognitive outcome and 
thickness of cerebral mantle (until the later is less than 2 cm) 24,27. 
However, cyto architectural studies have shown that, in untreated 
hydrocephalus, the neurons became hyper chromatic and pyknotic. 
Electron microscopic studies have shown that the dendrites are affected 
early in H. and that there is a relatively short window of opportunity for 
this to be reversed by shunting26. 
Studies of the consequences of H. on cerebral metabolism have 
used auto radiographic techniques, positron emission tomography, and 
NMR spectroscopy using in vitro NMR spectroscopy28, Jones et al 
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showed early changes in cell membrane compounds, followed later by a 
decrease in energy metabolites and finally changes in amino acid/ 
neurotransmitter levels in untreated H rats29. The degree of reversibility 
of these cellular changes depends on the duration of the H30. Studies 
analysed cerebral glucose utilization had generally shown reduced 
metabolism in cortical structures31.  
However, in a neonatal kitten model, increased activity was seen 
in the white matter in keeping with anaerobic glycolysis. This pattern of 
increased activity matched areas of decreased myelination, suggesting 
that the added metabolic burden of myelination made the white matter 
particularly susceptible to ischemic damages32. Again, these changes 
were not completely reversed by shunting.  
1.7       Aetiology: 
1. Congenital: 
 Usually it is a result of malformation of the brain, e.g.  
1) Aqueductal stenosis is in a small percentage of cases, is inherited 
as a sex linked recessive trait, ex. Bickers-Adams syndrome 
which is accounting for7% of cases in males and characterized by 
aqueduct stenoses, sever mental retardation, and 50% by 
adduction flexion deformity of the thumb10.  These patients 
occasionally have minor neural tube closure defects, including 
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spina bifida occulta. Rarely aqueductal stenosis is associated with 
neurofibromatosis2.  
 Intra uterine viral infectious may also produce aqueductal 
stenosis followed by H. Aqueductal stenosis due to malformation 
is responsible for 10 % of all cases of H. in newborns.  
2) Malformation of vein of Galen. This vein can expand to become 
large and because of its midline position obstruct the flow of 
CSF. 
3) Lesions or malformations of the posterior fossa are prominent 
causes of H. including Chiari malformation and the Dandy-
walker is syndrome 2 – 4 % of new born of H. 
4) Myelomeningoceles and Encephalomeningoceles. 
5) Agenesis of the foramen of Monro. 
2. Acquired:  
1)      Sub arachnoid hemorrhage (SAH), which is usually a result of 
intra ventricular hemorrhage in a premature infant, can lead to 
both communicating and non-communicating H. the blood in 
the sub arachnoid spaces may cause obliteration of the cisterns 
or arachnoid villi, and obstruct the CSF flow leading to 
communicating hydrocephalus. Sometimes the ependymal 
lining of the aqueduct is interrupted and a brisk glial response 
results in complete obstruction leading to aqueductal gliosis 
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and obstructive hydrocephalus. SAH may also result from 
ruptured aneurysm2.   
2)      Infections: pneumococcal and tuberculous meningitis have a 
propensity to produce a thick tenacious exudates that obstruct 
the basal cisterns, lead to communicating H. 
 Parasitic infections:  cysticercosis. 
         Mumps meningoencephalitis has been reported as a cause in a 
child. 
3)      Leukemic infiltrates may seed the subarachnoid space. 
Producing communicating hydrocephalus. 
4)      Head injuries: post traumatic H. 
5)      Mass lesions account for 20 % of all cases. These are usually 
tumors of the midline, ex.( posterior fossa tumors) but, cysts, 
abscesses, or   haematomas  also can be the cause.      
6)      Increased venous sinus pressure: this can be related to 
achordroplasia, some craniostenosis or venous thrombosis. 
7)      Iatrogenic: hyper-vitaminosis A, by increasing secretion of 
CSF or by increasing permeability of the blood brain barrier, 
can lead to H. 
8)       Idiopathic10.                                
In general, H. is mainly due to obstruction of CSF flow , whereas 
choroids plexus papilloma is the only known aetiology of H. that 
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produces excessive CSF which is extremely rare, accounting for < 1% of 
all cases4. 
1.8  Genetic aspects of hydrocephalus: 
Congenital hydrocephalus is a relatively uncommon abnormality 
in population malformation surveys. The majority of cases have a 
multifactorial aetiology. The genetic component, which is polygenic, 
rendering the developing fetus susceptible to largely unidentified 
environmental factors in early development. Probably less than 2% of 
uncomplicated hydrocephalus has an X linked basis. Dandy Walker 
syndrome may be recessively inherited and there is some other, but very 
rare monogenic cause of hydrocephalus33. 
1.9       Diagnosis and work up: 
? Clinical Diagnosis: by history of examination  
? Lab studies: 
• No specific blood tests are recommended in the work up. 
• Genetic Testing and counseling might be recommended 
when x- linked H. is suspected.  
• Evaluates CSF post hemorrhagic and post meningitic 
hydrocephalus for protein concentration and to exclude 
residual infection34. 
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? Imaging studies: 
• Cranial ultrasound when the fontanel is widely open to 
visualize the ventricular system. Also H. can be picked up 
antenatally during maternal ultrasonography   and is useful 
for evaluating subependymal hemorrhage and intra 
ventricular hemorrhage (IVH) and in following infants for 
possible development of progressive H.  
• CT scan (+ /- enhancement) assess the size of ventricles and 
other structures. 
• MRI (+ /- enhancement) can evaluate Chiari malformation or 
cerebellar or periaqueductal tumours. It affords better 
imaging of the posterior fossa than CT scan. It can 
differentiate NPH from cerebral atrophy and check for flow 
voids in the ventricle and cerebral aqueduct35,10.   
• Radionuclide cisternography can be done in NPH to evaluate 
the prognosis with regard to possible shunting. 
• Skull radiographs may depict erosion of sella turcica or 
“beaten silver appearance” with long standing increased ICP. 
Also may show separation of sutures3. 
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1.10  Goals of Treatment of Hydrocephalus: 
? Ultimate Goal: Prevent or reverse the neurological 
damages. 
? Immediate Goal: Allows actual brain volume to increase 
and reconstitution of mantle. 
? Secondary Goal: Prevention of complications and avoid 
shunt dependency. 
1.11  Treatment of Hydrocephalus: 
o Medical treatment: 
1) Diuretics (frusemide and acetazolamide) and steroids are 
known to decrease CSF production.  
Acetazolamide (ACZ) which is a carbonic anhydrase 
inhibitor may reduce CSF production by 60 %3. 
Diuretics are still often used in neonates with post 
hemorrhagic hydrocephalus (PHH) despite reports of side 
effects such as acidosis, CO2 retention, electrolyte 
disturbance, etc. 
A recent multi centre randomized controlled trial actually 
showed a higher rate of shunt placement and increased 
neurological morbidity in the group receiving diuretics36,37. 
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ACZ is a non competitive reversible inhibitor of the enzyme 
(carbonic anhydrates) which catalyzes the reaction between 
water and carbon dioxide in which CO2 becomes hydrated 
and carbonic acid dehydrated.  
These changes may result in a decrease in a CSF production 
by the choroids plexus38. 
Loop diuretics (Frusemide) which act in lowering cerebral 
sodium  uptake, affecting water transport into astroglial 
cells by  inhibiting cellular membrane cation-chloride 
pumps and decreasing CSF production by inhibiting 
carbonic anhydrase, used as adjunctive therapy with ACZ in 
temporary treatment of (Post haemorrhagic hydrocephalus) 
PHH in neonates38,39. 
2 ) Likewise,   intraventricular fibrinolytic treatment has been 
used in attempt to prevent permanent obstruction of CSF 
pathway in PHH ,but studies to date have not shown a 
decrease in the number of patients requiring shunt39.  
3) Just as the use of diuretics would appear to be futile, the use 
of regular lumbar punctures should probably be abandoned 
as it is ineffective36,40-42 and carries a risk of introducing 
infection in 9 % in a recent large trial43.                                                            
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4) Repeated ventricular taps risk not only infection but also the 
development of "puncture porencephaly" and again are            
un-advisable42.  
o Surgical Treatment (CSF Diversion Procedures): 
Surgical treatment is the preferred therapeutic option. Surgical 
management of H. may be directed towards reducing CSF production, 
bypassing a blockage to normal CSF flow, drainage of CSF externally or 
finally drainage of CSF in another absorptive viscous3.  
1. Reducing CSF production: 
Choroid plexectomy or choroid plexus coagulation, while 
obliteration of the choriod plexus was 1st described by Dandy ,it was 
failed for several reasons to act as a cure to hydrocephalus, as described 
above 20 % of the CSF is produced by the non choroidal surface of the 
ventricles. Ablation of the intraventicular choroids plexus does possibly 
have a role in the reduction in incidence of shunt obstruction44. 
2. Bypassing obstruction of CSF flow may be achieved by a variety of 
means, such as cannulation of the aqueduct of Sylvius or third 
ventriculostomy which may be performed endoscopically or at open 
operation. 
The 1st described bypass technique was that described by Torkild 
Sen, where aqueduct stenosis was overcome by passing catheter from the 
lateral ventricle into the cisterna magna also called ( ventriculo- cisternal 
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shunt-Torkildsens) thereby reconstituting the normal circulatory 
pathway3. 
- Endoscopic Fenestration of the floor of the third ventricle or 
open third ventriculostomy (TV) literally making a hole to 
connect the third ventricle to the subarachnoid space, was 1st 
reported in the 1920s by Dandy, but it had significant 
mortality45-47. Subsequently, percutaneous TV techniques were 
used, but they also had relatively high mortality and morbidity 
rates. Although Mixture performed the 1st endoscopic procedure 
in 1923, it was not until the last 2 decades that endoscopic TV 
has grown in popularity as an alternative to shunt placement for 
patients with triventricular (obstructive) hydrocephalus, and this 
procedure is now generally reliable in most centers in the 
United Kingdom(UK).  
- Endoscopic TV entails placing a small endoscopic camera 
through a hole in the skull, through the brain substance, and in 
to the cerebral ventricles, once reaching the 3rd ventricle, a 
small hole is then created in its floor which serves as the bypass 
outlet to let CSF flow around the obstructing lesion and be 
reabsorbed by the normal surrounding brain mechanisms. 
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- A number of recent studies have described "success rate" of 49 
– 100 % in endoscopic TV46-48, however, most of these studies 
have been descriptive and the outcome measures vague47. 
- Nonetheless, there appears to be some conformity in these 
studies in most showing about 70 % of patients with aqueduct 
stenosis requiring no further surgical intervention. 
- Gradually, the complication rate associated with endoscopic TV 
is becoming manifest; failure to complete the procedure for 
technical reasons has been reported in upto 26 % of patients.  
Not surprisingly, the main complication is haemorrhage 
secondary to vascular damage, other reported complications 
include cardiac arrest, diabetes insipidus, SIDA, subdural 
haematoma, meningitis, and cerebral infraction47,49-50. 
3. External diversion or external drainage of CSF may help in the 
temporary management of acute H, but in the long term, the risk of 
infection precludes this as a mean of long term management as 
mentioned  before3.  
4. Finally drainage of CSF in another absorptive viscus (internal 
diversion). 
Surgical drainage of CSF appears to date from the time of 
Hippocrates, but it was not until the 18th century that ventricular drainage 
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(combined with head wrapping and the instillation of toxic agents) was 
seriously attempted. 
In the 19th century, it had become clear that prevention of 
infection would require internal CSF drainage.  
Various materials have been used as conduits including gold, 
silver, etc. The modern era of shunting began in 1950 in the realization 
that one way valve was required and that silicone tubing was the best 
material for use in manufacture45. 
The proximal site of CSF diversion is usually the lateral ventricle, 
while many distal sites have been attempted3.  
Initially the atrium was the preferred site (ventriculoatrial shunt) 
or (vascular shunt) because it shunts the cerebral ventricles through the 
jugular vein and superior vena cava into the right cardiac atrium. It was 
used when the patient has abdominal abnormalities (e.g. peritonitis, 
morbid obesity or after extensive abdominal surgery). 
This shunt requires repeated lengthening in a growing child10 and 
it has a unique set of complications including endocardities, glomerulo 
nephritis51-53, septicaemia, shunt embolus and pulmonary hypertension as 
chronic bacteraenia was associated with the development of immune 
complexes leading to this damage3. 
The peritoneum is now the favoured site for the distal catheter 
unless there are problems in absorption or abdominal sepsis (ventriculo 
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peritoneal shunt). The advantage of this shunt, was the need to lengthen 
the catheter with growth may be obviated by using a long peritoneal 
catheter. Complications were peritonitis, inguinal hernia, perforation of 
abdominal organs, intestinal obstruction, volvulus, and CSF ascitis23. 
The lumboperitoneal shunt is used only for communicating H., 
CSF fistula, or pseudo tumor cerebri and now it is rarely used as it has 
been associated with the development of scoliosis and cerebellar tonsillar 
herniation, radiculopathy and arachnoiditis51-53. 
This emphasizes the deformational potential consequent on 
altering the hydrodynamic forces of CNS. Intriguingly, this may also 
explain the hind brain herniation seen in open spina bifida where, in 
effect, the fetus has a lumbar shunt in utero54. 
Another type is (ventriculo pleural) shunt which is considered as 
the 2nd line and used if these types of shunts are contraindicated44.  
This shunt consisted of a proximal part attached to a valve which 
is connected to a 2nd much longer, distal tube. The valve serves to control 
the amount of CSF that flows out of the ventricles by regulating the 
pressure4.  
The shunts eventually are performed in the majority of patients. 
Only about 25 % with H. are treated successfully without shunt the valve 
placement44. 
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Shunts also had their limitations; in particular, it became clear that 
there are 3 ways in which shunts can malfunction45: 
1. They can be infected,  
2. They can fail mechanically  
3. They can over or under drain, termed “functional" failure. 
1.   Shunt Infection: 
Most studies have reported rates of the order of 5 – 10 %54-55 and 
significantly higher than this for neonatal shunts56. The role of antibiotic 
prophylaxis has been studied by Meta – analysis45,55, and antibiotic cover 
is recommended. Most shunt infections occur in the 1st six months after 
the operation and the most common organisms are staphylococcus 
epidermidis (40%) and staphylococcus aureus (20%). Most shunt 
infections result from contamination with the patient's own skin flora, 
which underlines the need for meticulous attention to surgical technique. 
Unfortunately, once a shunt is infected it is almost always necessary to 
remove it and insert a temprorary external ventricular drain, and treat the 
patient with intrathecal and intravenous antibiotic. 
? It has been shown that there is an increase in the development of 
loculated CSF compartments, impaired intellectual outcome, and 
death after shunt infection45. 
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2. Mechanical Failure:   
Virtually all the studies to date have shown about 40 % of shunts 
failing (including infection) in the 1st year then about 5 % a year45,54-59. 
Over 50 % of the 1st shunt failures are due to obstruction, with 
the vast majority of these occurring at the ventricular catheter. This is 
almost certainly a consequence of the fact that all shunts over drain, so 
that the ventricular catheter comes to lie against the ependyma and 
choroid plexus of the ventricle and these tissues can then become 
incorporated into  and block the holes at the end of the catheter45. 
Other shunt malfunctions include fracturing of the tubing (the 
cause of about 15 % of 1st shunt malfunctions), migration of part or all of 
the shunt (7.5) and problems with over drainage45. 
3. Functional Failure:   
The cause of functional failure is usually over drainage. The 
underlying problem is one of the siphoning from the ventricle to the level 
of the distal tube (over a meter in an adult). This over drainage can result 
in subdural haematoma, hygroma, low pressure symptoms (postural 
headache and nausea), craniosynostosis and very occasionally, patients 
develop (slit ventricle syndrome), which is transient symptoms of raised 
ICP in the setting of a scan that show small or non-existent ventricles.  
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Although poorly understood, it would appear that these children 
lose their CSF buffering reserve and are susceptible to episodes of raised 
pressure in situations that would normally be of no consequence45. 
Using sophisticated statistical techniques, Tul et al investigated 
the risk factor for repeated shunt failures. They found that the failure time 
from the 1st procedure was an important predictor of further failures. 
(with hazard ratio of 1.5 times for  subsequent shunt failures if the 
original shunt failed within six months of insertion as compared with 
those that failed after six months). Likewise, patients of less than 40 
weeks gestation and between 40 weeks to one year of age had a hazard 
ratio of 2.49 and 1.77 respectively in comparison with patients older than 
one year at the time of initial shunt insertion. In this study, certain causes 
of hydrocephalus [IVH, post meningitic hydrocephalus (PMH) and 
tumour] were significantly more likely to have recurrent shunt failure. 
Concurrent surgical procedure was also noted to increase shunt failure52.  
Approximately 80 % of all children who receive a shunt will need 
at least one further surgical shunt revision at some point in their lives4. 
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1.12  Follow-up: 
? Further in-patient care:  
• Shunt – dependent patients should be admitted for consideration 
of shunt revision if shunt malfunction or infection is suspected. 
• In children, shunt revisions are scheduled according to growth 
rate. 
? Further out-patient care:  
• Patients on medical treatment should be followed for possible 
side effects (electrolyte imbalance and metabolic acidosis). 
Clinical signs that should prompt attention are lethargy, 
tachypnea, or diarrhea. 
• Patients with shunts should be re evaluated periodically 
including assessment of distal shunt length in growing children. 
The 1st follow-up examination usually is scheduled 3 months 
after surgery, and CT scan or MRI of the head should be done at 
the time. Follow up is performed every 6 – 12 months in the 1st 
two years of life. In children aged two years and older follow-up 
is performed every 2 years23. 
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1.13  Complications: 
? The effect of hydrocephalus: 
- The increase in the pressure of CSF will interfere with the blood 
supply to the brain, depriving it of oxygen and glucose which it 
needs in constant amounts to continue to function. 
-  Initially this leads to dying back of the very fine blood vessels 
in the brain. This process is largely reversible if prompt action is 
taken.  
- The next stages involve progressive damage to the actual nerve 
cells in the brain and to their eventual destruction and this 
cannot be reversed59.      
? Visual Changes: 
- Occlusion of the posterior cerebral arteries secondary to 
downward transtentorial herniation23. 
- Papilloedema, which is caused by pressure on the blood 
supply to the back of the eyes59, but it is not present in all 
cases. 
- Affection of the upward gaze and ocular movement (25 – 
33%) of children with H. (sunset appearance), where the 
eyes are fixed in downward position60. 
- If the CSF pressure remains high for too long, damage to the 
optic nerves can become permanent resulting in blindness. 
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? Very high CSF pressure can compress the brain stem 
affecting the vital signs (heart beats, breathing, etc) 59. 
? Motor skills: 
- As many as 60 – 75 % of children with H. have some form 
of motor disability. There may be subtle problems of co-
ordination of hand movements with what the person sees, as 
well as a degree of clumsiness, which make it difficult to 
perform certain tasks or do certain jobs. 
- An individual with a shunt can participate in most physical 
activities. However, he /she is advised to stay away from 
rough contact sports, particularly those that require the use 
of a helmet60. 
- Some people are very seriously distressed by every day 
noises such as, pressure, bright lights, and also by vacuum 
cleaners or washing machines (sounds) 59. 
1.14   Outcome (Prognosis):  
- Although long term out come is related directly to the cause 
of H. it is further complicated by the presence of associated 
disorders, the time of diagnosis, and the success of 
treatment59. 
- Children in whom treatment was delayed for > 5 months 
were rarely able to attain the degree of brain reconstitution. 
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- Another good predictor of good out come is the abilities of 
the brain to grow to the point that the cortical mantle could 
reach at least 2.7 cm. 
- Up to 50 % of patients with large IVH develop permanent 
hydrocephalus requiring shunt. 
- Following removal of a posterior fossa tumour, 20 % 
develop permanent H. requiring a shunt. The overall 
prognosis is related to type, location and extent of surgical 
resection of the tumour61. 
- The natural history for untreated H. is poor with 50 % of 
children dying before 3 years of age62, and only 20 – 23% of 
patients reaching adult life. Of these survivors, only 38 % 
were of normal intelligence63. 
- Although actual surgical mortality is low the 10 year death 
rate for non tumoural H. is of the order 5-15%56,                      
a significant number of these deaths are avoidable and 
attributable to delay in diagnosis and treatment of shunt 
malfunction56,64.  
- Most patients will have neurological deficits .60 – 70 % with 
motor and 25 % with visual or auditory 8.  
- Routine obstetric sonography has shown that the diameter of 
the atrium of the fetal lateral ventricle is of some prognostic 
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value. If the atrium measures 11 – 15 mm, the child has a 
21% chance of developmental delay, whereas, if this 
measurement is > 15 mm, the risk of developmental delay is 
> 50 %. It is, however, important to compare the ventricular 
measurement with the head circumference, in order to 
differentiate between fetal H. and cerebral atrophy 65,66. 
- For most series of non-tumoural hydrocephalic patients, an 
overall rate of epilepsy of about 30% (about 5% transient 
seizures and 25 % recurrent) has been reported. Most of 
these patients 89 % have poorly controlled epilepsy and the 
onset of the epilepsy occurs at roughly the same time as the 
diagnosis of the H. Most authors have found a correlation 
between the cause of the H and the incidence of epilepsy.  
Bourgeois et al, reporting  over 800 patients, found spina bifida 
to carry a low risk (7%), cerebral malformations and IVH to 
carry a moderate risk (about 30 %), and infection a high risk 
(about 50 %).  
It is difficult to isolate the epileptogenic effect of catheter 
placement itself, but certainly electroencephalographic changes 
related to the catheter have been regularly recorded. 
Bourgeois et al found that, in patients with a previous history of 
epilepsy, a change in seizure pattern was a presenting symptom 
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of shunt malfunction in 28 %, whereas, seizures as a presenting 
symptom only occurred in 3% of children without such a 
history. 
Perhaps more important is the need to distinguish between 
"hydrocephalic attacks" (decerebrate posturing 20 to raised ICP 
and epilepsy)67. 
1.15  Patients’ Education:     
• Knowledge of the signs and symptoms of shunt malfunction or 
infection and the necessity for emergent medical evaluation in 
these instances is mandatory in patients, family members and care 
givers. 
• The patient, family and caregiver should know that the periodic 
re-evaluation is necessary. 
• Pumping the shunt is contra indicated in most cases. 
• Patients with vascular shunts, and some patients with other types 
of shunts, should receive prophylactic antibiotics before dental 
procedures or instrumentation of the bladder10. 
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1.16  Special concerns:  
• Patient with arrested H. need close follow-up. They can 
decompensate at anytime, often after minor head injuries or an 
infections process. The patient and family should know the signs 
of acute and chronic progressive H. 
• Occasionally in H. due to Chiari malformation, further herniation 
of cerebella tonsils can occur after shunt placement. This can lead 
to quadriparesis or death10. 
1.17  Hydrocephalus in Sudan: 
Hydrocelphalus 1st studied in Sudan 31 years ago by Dr. I. A. 
Aziz 1974, out of 101 in a period of 3 years. 4 cases were associated with 
meningomyelocele (MMC), 55 males and 46 females. The majority of the 
cases were infants. Head circumference measurement ranged "between   
38 – 70 cm", all above 90th percentile68. 
The seasonal variation in the incidence of progressive H. was 
corresponded to the variation in the incidence of cerebrospinal meningitis 
(CSM) in the period under review. Furthermore, the majority of patients 
came from known arid or semi arid areas in the Sudan, in particular the 
central and northern parts where CSM is more prevalent68. 
Another study done 5 years ago by Dr Mohammed E.A in a total 
of 74 patients admitted to EL Shaab Teaching Hospital, during the period 
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1998 – 1999, revealed that the majority of patients were <3 years old 
(75.4 %) with male predominance (58.9 %)  ,with body weight ranged 
from 2 - 30 kg. (64.3 %) < 50 percentile. 
43.8 % were from Khartoum state, with the majority from central 
Sudan (16.4 %) down   to North, West and East, lastly4.2 % from South. 
Regarding the cause of H. congenital type was found in 51 
Patients (69.8 %), PMH in 22 patients (30.2 %).Of the congenital type 
aqueducts stenosis in 49 patients, one patient is Dandy walker syndrome, 
and one is type II Chiari malformation. 
Sixty-eight patients (97.2 %) presented with increased head size, 5 
patients with symptoms of  increased ICP.  
Lower limb weakness was in 14 patients, MMC in 5 patients and 
spina bifida occulta in 1 patient. Head circumference at presentation 
ranged from 35 – 65 cm, it was > 90th percentile in 67 patient (91 %) and 
between 75th to 90th in the remaining 6 patients69. 
Nugud. A studied the pattern of neural tube defects (NTDs) in 
major centers in Sudan, EL Shaab Teaching Hospital and Wad Medani 
Children Hospital, the data showed that MMC constitutes 88.4 % of spina 
bifida (90.8 % of the NTDs). 
Club foot (34.9 %) and hydrocephalus (23.3 %) were the most 
common associated anomalies, incidence of NTDs is high in the 1st born 
child.  
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Maternal risk factors are diabetes, low parity and folic acid 
deprivation pre conceptually70. 
Recently, the NTDs was studied by Ghada E.A incidence rate of 
NTDs was 3.48/1000, 50 % of the cases were MMC, about 60 % of the 
mothers were < 25 years of age, and there was significant association 
between NTDs and maternal age71. 
1.18  Hydrocephalus in Nearby Countries:                   
In Saudi Arabia birth epidemiology of infantile H. birth 
prevalence and associated factors were studied by Dr. Waleed Jamal and 
Mohammed in 1996 to 1997, in the city of Al Madinah Al Munawarah. 
Except of NTD and brain tumours, all cases of H diagnosed within the 1st 
28 days of life were included. Results were 26 cases of infantile H. were 
detected. The birth prevalence rate was 1.6/1000 live births. There was no 
sex predominance as male to female ratio was 1.2: 1. Multiple 
pregnancies were detected in 21 (81 %) cases, 19 (73 %) were the product 
of consanguineous marriage and 4 patients had a family history of 
hydrocelphalus72.  
The mode of delivery was vaginal in 15 (58 %) mothers. The 6 
months mortality rate was 23 % (6 infants).  
So in conclusion the above study showed that the birth prevalence 
of infantile hydrocephalus (IH) was significantly higher in the developed 
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countries. The family history, low birth weight, and vaginal delivery were 
found to be associated factors. 
In Sultanate of Oman, a retrospective study was carried out to 
determine the incidence of NTD and congenital H. and it was found that 
the incidence of NTD in Oman to be comparatively low (1.25 / 1000), but 
the incidence of CH was much higher than seen in Western Europe 
(44/1000). It was also found that in spina bifida families, later born 
children were more likely to be affected, and there was also an 
association with increased maternal but not paternal age. Much higher 
consanguinity rates were noted in families in NTD and   congenital 
hydrocephalus (CH) than in general population73. 
In another study done in southern-western region of Saudi Arabia, 
the overall incidence of IH was 0.81/1000. The series comprised 61 
infants affected by Infantile H. Hydrocephalus associated with spinal 
dysraphism (spina bifida cystica and encephalocele) were 24 cases 39.3%  
and there was aqueduct stenosis in 10 cases (16.4 %).9 (11.9) were post 
meningitic and 7 (14.8 %) post hemorrhagic 74. 
There was Dandy – walker malformation in 5 cases (8.2 %), 3 
(4.9) had congenital idiopathic H. 2 (3.3 %) congenital toxoplasmosis and 
one (1.6 %) isolated Arnold Chiari: malformation. 
There were congenital causes in 45 cases, 73.7 % of all the cases 
in this series (incidence 0.6 / 1000 birth), of the remaining 16 cases 
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(26.3%)  which were due to postnatal factors, 7 (11.5 %) were caused by 
acquired cerebral hemorrhage only 2 of them being premature, the other 9 
(14.87 %) were due to meningitis. So the prenatal causes predominate74. 
1.19  Hydrocephalus in Europe:                
In Sweden a population based study on live birth prevalence, 
aetiology and clinical outcome was conducted. The prevalence of H. was 
0.8 /1000 live birth, so isolated H 0.48 and for hydrocephalus associated 
with MMC 0.32/1000. 
The aetiology was prenatal in 67/122 (55 %) children without 
MMC, postnatal in 54 (44 %) and unknown in one.  
In children born very preterm the origin was perinatal in (92 %). 
Almost exclusively caused by cerebral hemorrhage. The cause in most 
children born at term was prenatal mal development; of 195 surviving 
children 63 had mental retardation, 36 cerebral palsy and 43, epilepsy75.  
1.20  Children with Chronic Conditions: 
Chronic health conditions is defined as a health problem that last 
over 3 months, affect child's normal activities, and requires lots of 
hospitalization and/or home health care and / or extensive medical care. 
Another definition of chronic diseases refers to illnesses that are 
life long in duration, treatable but rarely cured completely, and requires 
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persistent self management behaviors that are shared by the child and 
parents76. 
1.20.1  How common are chronic conditions: 
About 15 % to 18 % of children in US having a chronic health 
conditions77. 
1.21   Impact of Child's chronic illness on families: 
Parents may struggle with their own feelings about the child's 
illness while trying to keep up a brave front for the child. It is normal to 
feel a sense of grief or loss for the way the child’s life imagined to be  
(without any chronic condition). Divorce is some what more common in 
families with seriously ill children, mainly because of the great stress of 
parenting an ill child77.    
1.21.1 Family burden: 
The term burden refers to the practical difficulties and mental pain 
that are the lots of the parents or care givers. These practical hardships – 
the objective burden – are a result of the child's inability to care for him 
self or her self or of the need to monitor hostile or unpredictable 
behaviors. 
The mental pain the subjective burden – includes the gamut of 
negative emotional reactions to parenting care giving, namely, stress, 
tension, anger, worry, sadness, and feeling of guilt and shame78.   
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The parents subjective perception of burden has been found to 
vary with their gender, age, education, and socioeconomic status and also 
vary with characteristics of the child such as age, gender, or psychiatric 
symptoms. 
The most successful families tend to be those who are able to 
move from being the illness as an intrusion towards working together as a 
team to face the new responsibilities of managing along term illness. 
Siblings of the ill child may feel left out, and later may feel guilty 
at any bad feelings they have towards their sick brothers or sister. While 
less time will be available to spend with other children in the family, 
parents need to let them know that they are still special and important77. 
Help is available from general practitioners, social workers, 
pediatricians or mental health counselors. When young people are old 
enough, they can be involved in choosing whom they will talk to about 
psychological issues79.    
1.21.2  Psychological reaction to stressful conditions and illnesses:   
 Psychneurosis: 
It is an illness taking the form of one of the well described 
syndromes in this category of disability, anxiety, hysterical, obsessional, 
depressive or phobic neurosis. 
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An interpersonal or social set back preceding the onset of psycho 
neurotic illness, which has disorganized the adaptation of a person 
sensitized by an earlier emotional trauma, also present. 
With all these characteristic syndromes the patient will be only 
partially disabled, many aspect, of personality and social competence 
being unaffected. The man or woman can often cope with work and 
household responsibilities, and hence usually be treated as an out patient. 
Reality testing is not impaired in any gross way, i.e. the misperceptions of 
human and material environment characterizing psychotic illness does not 
occur. 
We should exclude any cerebral trauma or disease or functional 
psychosis to diagnose psych neurosis. It has been demonstrated that the 
higher the social class of the patient, the more acceptable is a psychiatric 
diagnosis80. 
Anxiety Neurosis: 
Is the most common form of psychoneurosis.  It is a state of fear, 
manifesting with a feeling of inner tension and somatic symptoms such as 
sweating, tremor, and of tachycardia, either of acute onsets of diseases or 
chronic nature generalized anxiety disorder, with periodic exacerbation. 
The state of fear, often a diffuse dread giving rise to impaired 
concentration, restlessness, irritability, fear of being insane or 
hypochondriasis, exhaustion and inability to continue work. 
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Somatic manifestations are: muscle tenderness, tremors, 
perspiration, rapid pulse, raised BP, frequency of micturition or 
defecation, rapid breathing, inframammary chest pain, insomnia, poor 
appetite, loss of weight. 
Hysterical of obsessive or depressive symptoms may be present in 
anxiety neurosis, but anxiety and its somatic symptoms dominate the 
picture. Twice as many women as men are affected. 
Treatment:    
1) Psychotherapy: 
Interview, encouraging the patient to talk with very little 
intervention by therapist.  
Somatic symptoms must not be ignored but explained after 
illustrating to the patient, the affected of emotion on body function.  
2) Anxiety drug treatment81. 
Depressive Psychoneurosis: 
The type of illness is at times also named reactive depression. 
Characteristically the morbidity depressed state comes on after a personal 
or social setback. It may be confusing but it is nevertheless of the greatest 
importance to emphasize that mixtures of depressive psychoneurosis and 
major depressive illness are extremely common. The clinical task is to 
scrutinize any case of depressive illness to determine the presence and 
amount of any component of "endogenecity" i.e. so called biological 
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features including loss of energy sleep disturbances, loss of appetite, 
constipation, and impairment of libido and in severe case-gross self 
blame. 
In 1980, United State(US) classification omits the term depressive 
psychoneurosis, contending that these patients can be assigned to one or 
another illness entity, depending on the main clinical features. 
Treatment: 
1) Psychotherapy  
2) Drug treatment: antidepressant drugs especially in mixed conditions of 
depressive psychoneurosis and major depressive illness81. 
1.21.3  The Financial Burden:         
- Financial strains caused by numerous medical visits or surgical 
procedures may deplete a family's financial reserve and private 
insurance may not be attainable unless it is offered by a large 
group employment policy60.  
- The cost of complete shunt system ranges from £ 350 to £ 1100 in 
UK.54 In Sudan no study was done to highlight this side of 
hydrocephalus problems. 
1.21.4  Psychological adaptation of hydrocephalic children and their 
parents: 
Emotional and behavioral adjustment of children with H and of 
their parents were studied , it was found that the majority of children with 
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hydrocephalus do not present in a specific psychiatric profile, that 
clinically significant level of distress are quite common in their parents, 
and that such distress is typically not related to hydrocephalus per se82. 
In another study of personality, psychosomatic symptoms and 
family characteristics of children with shunted H, it was found that those 
children frequently showed behavioral disorders of the (MBD type) e.g. 
concentration difficulties, aggressiveness, fastidious eating and 
nervousness. Their families showed very significant more cohesion and 
less rigidity and significantly less authoritarianism than average Finish 
families. When examining the parent's attitudes to their sick child, 1/3 of 
the children were seen to be in a healthy role, with parental expectations 
realistically related to the child's abilities. 1/3 of children were seen 
"babies" unnecessarily over protective attitudes on the parts of their 
parents, and 1/3 as "scapegoats" accusatory attitudes from their mothers 
and fathers. Those in the role of "scapegoats" had the poorest percentile 
skills, the highest frequencies of behavior disorders and the poorest self 
concept83. 
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? Justifications 
 
• Hydrocephalus is a common CNS disorder that can cause a 
significant morbidity and mortality among children, and inspite of 
it's importance, it has not been subjected to sufficient studies. 
• No study was done in Sudan focusing on the psychosocial 
problems among the families of children having hydrocephalus. 
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? Objectives 
 
1. To study the clinical patterns of hydrocephalus. 
2.  To assess the impact of the hydrocephalus socially and 
psychologically on the families of children having hydrocephalus. 
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Chapter Two 
2- MATERIALS AND METHODS 
 
? Study design: 
 This is a descriptive cross-sectional hospital-based study. 
? Study area: 
  The study was conducted in the hospitals of Khartoum state, 
which were El Shaab Teaching Hospital, Soba Teaching Hospital, and 
Alrabat Hospital. These are 3 main hospitals in which patients of 
hydrocephalus are usually admitted and operated on. 
? Study period: 
 The study was conducted in the period from May to August 2005. 
? Study populations: 
  All children diagnosed as having hydrocephalus, aged (from date 
of birth up to 16 years), and their mothers (or care takers). 
Definition: 
 Children with hydrocephalus (children having dilated ventricles) 1, 
diagnosed by brain ultrasound, CT or MRI. 
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Sample size: 
According to the equation, the sample size of the study = 100. 
N = Z2 P Q / d2. 
  N = Sample size. 
  Z = std. normal device. 
  P = degree of accuracy. 
  Q = 1.0 - p. 
 Sampling technique: 
The study was conducted on all children having hydrocephalus 
attending the referred clinic. 
Inclusion criteria: 
- All children diagnosed as hydrocephalus operated and not operated, 
aged from birth up to 16 years and their mothers (or care taker). 
Exclusion criteria: 
1. Patient with hydrocephalus brought to the hospital with any one 
other than the mother (or care taker). 
2. Non-consenting mothers (or care taker). 
 Research technique 
1. Consent: 
 An informed consent was obtained from the mothers to include 
them in the study and they were informed briefly about the aims and 
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methods of the study. The doctors in charge were also informed. A 
consent letters were sent to the Neurosurgical Department of El Shaab 
Teaching Hospital, and Paediatric Surgical Department of Soba Teaching 
Hospital and Alrabat Hospital. 
2. Research tools: 
 Each patient and his mother attending the referred clinics in the 3 
mentioned hospitals were seen for medical and psychosocial evaluation 
using the protocol sheet. 
The sequence of the referred clinic days was as follow: 
Saturday in Soba Hospital, Monday in Alrabat Hospital, Thursday in               
El Shaab Teaching Hospital in which the main bulk of the study 
populations were seen. 
3. Protocol sheet: 
  1) Observations: 
Including the following aspects: 
- MRI, CT or brain U/S records.  
- Personal data and characteristic such as age, sex, residence, tribe, 
consanguinity. 
-  History of the disease, including developmental history, family history, 
duration of the illness. The records of MRI, CT, or ultrasound were seen 
by the author and the diagnosis was reported. 
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- Clinical examinations, include: 
• Anthropometric measurements: using a non stretchable plastic tape. 
Measurement of the head circumference, and length were taken to the 
nearest centimeter. Measurement of the weight by using weight scale. 
• General and CNS examination searching for any other associated 
anomalies. 
 2) Questionnaire: 
 It is a standardized questionnaire designed by a psychologist 
attended by the author who was trained to design and fill this type of 
questionnaire, which include:  
 Social part: include social data like parent occupation, level of 
education, monthly income of the family and financial and social impact 
of the disease. 
 Psychological part: include impact on family relationships. 
3)   Hospital Anxiety - Depression Scale (HADS) 84 
 It is a self rating scale, conducted with the mothers or care takers 
of the patients so as to study the psychological impact of the illness of 
their children. 
 The HADS scale is designed for the use in non-psychiatric 
hospital departments and can be useful also for screening of mental 
morbidity in the community. 
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 This scale consists of 14 items, 7 for anxiety and other 7 for 
depression. 
 The questions in each item were explained very clearly for each 
parent included in the study, especially those with low level of education. 
 The results of the scale are follows for both anxiety and 
depression: 
 1. From 0 - 3 (normal). 
 2. From 4 - 7 (moderate).  
3. From 8 - and above (severe). 
• Statistical analysis: 
-  A master sheet was constructed from the collected data which was 
coded and introduced into the computer for analysis. 
-  Simple descriptive statistics, frequency distribution, and cross   
tabulation were done using the package for social science (SPSS) 
program. 
-     Results were tested for significance using chi - square test. 
- Probability (P) value of 0.05 or less was considered to be significant. 
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Chapter Three 
 
3- RESULTS 
 
 
3.1 General Characteristics of Children in the Study: 
3.1.1 Age: 
(Table1, Figure1) Show that Children of < 1 month of age 
were 14(14%) and those between 1 month – 6 months were 46 
(46%) constituting the majority of cases. 
Sixteen percent (16%) were 7-12 months, 15 (15%) were 
between 1 year - < 2 years and the remaining 9 (9%) were from 2-
16 years.   
3.1.2 Gender: 
Figure 2 shows that males out numbered the females in 
this study, 62 were males (62%), compared to (38%) females out 
of 100 patients.   
3.1.3 Residence and origin: 
 (Table 2) shows that the majority (52 %) reside in the 
urban, whereas (29 %) reside in rural areas , and (19 %) in peri 
urban . 
(Figure 3) shows that the majority of the cases (45 %) 
originated from Khartoum state, followed by (23 %) of children 
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were from central part. The west and north were represented by 
(16 %) and (12 %) respectively, and (3 %) from south and (1%) 
from the east .   
3.1.4 Consanguinity: 
(Figure 4) shows that 63 children (63%) were an outcome 
of consanguineous parents. 
3.1.5 Family history: 
 (Figure 5) shows that there was family history of congenital 
hydrocephalus in (3%) of the cases.    
3.1.6 Parity: 
(Table 3) shows that 74.6% of children with congenital 
hydrocephalus were later born which was significant, p value            
< 0.003.  
3.1.7      Age of the mothers of children in the study: 
(Figure 6) shows that the age of mothers was  between 15 – 
24 years (27 %) , 25 – 34 years (45 %) (the majority) and ≥ 35 
years (28 %).    
? The correlation between the age of the mother and type of 
hydrocephalus:  
  Table 4 shows that 66.2% of children with congenital 
hydrocephalus, their mother ages were > 25 yrs which was 
significant  with p value = 0.01. 
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3.2 Disease Characteristics: 
3.2.1 Pattern of hydrocephalus: 
Figure 7 show that hydrocephalus in this study was mainly 
congenital in 71 (71 %) of the cases and acquired in 29 (29%).   
In the congenital type, congenital cases associated with 
NTD were 38 (38%), [MMC in 37 (37%), and 1% was associated 
with encephalocele. 
Figure 8 shows that in the acquired type, PMH were seen 
in 22 cases (22%), 2 cases (2%) were post encephalitis and 5 
cases (5%) were post-tumoural hydrocephalus.  
Associated anomalies: 
Figure 9 shows that five cases (5%) of the congenital 
hydrocephalus were associated with talipes equina varus. 
3.2.2 Anthropometric measurements: 
Figure 10 shows that the majority of the cases had stunted 
growth (67%) with their weight and height < 3rd percentile for age. 
3.2.3 Head circumference (H.C.): 
Figure 11 shows that HC was between 35-45 cm in 33 
patients (33%), 46-55 cm in 50 patients (50%), 46 – 65 cm in 15 
patients (15%), and > 65 cm in 2 patients (2%).  
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3.2.4 Classification according to  the treatment: 
Figure 12 shows that 62 patients (62%) were not operated 
(i.e. have no shunt), and 38 (38%) were operated.  
3.3 Social Background of the Family: 
3.3.1  Fathers’ education: 
Figure 13 shows that 21% of the fathers were illiterates, 
15% had 1o schooling, 8% had intermediate schooling, 37% 2o 
schooling who are the majority, and 19% had completed the 
university.  
3.3.2  Mothers’ education: 
Figure 14 shows that 34% were illiterates (majority), 20% 
had 1o schooling, 8% intermediate schooling, 27%  had 2o 
schooling, 11% university level(9% had completed the university 
and 2% still students.  
3.3.3  Fathers’  occupation: 
Figure 15 shows that( 31%) were employee, (46%) 
unskilled labourers, (18%) labourers, teachers in (3%) and (2%) 
not working.   
3.3.4 Mothers’ occupation: 
Figure 16 shows that the majority were house-wives 93%, 
(4%) were teachers, (2%) students, (1%) labourers.  
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3.3.5  Income of the family: 
Table 5 shows that monthly income was < 10,000 SD in 
(10%), 10,000 – 19.999 SD in (49%), 20-29.999 SD in 22%, > 
30,000 SD in 19%.   
3.3.6 Cost of the treatment: 
Table 6 shows that the cost of treatment was  < 50,000 SD 
in 8%, 50,000 – 99,999 SD in 70% and > 100,000 in 22%, 
 
3.4 Social Impact of the Disease on the Family: 
3.4.1 Financial burden:  As seen in Figure 17 the cost of 
treatment was high and in comparison to the family financial 
situation help was required from others and it was received 
in 78 % and there was no financial support in 22%.   
3.4.2 Marital life after illness: 
Figure 18 shows that Two percent separated because of 
the illness of their child, 98% had stable marital life. 
3.4.3 Social life: 
Figure 19 shows that Normal daily life (social visits and 
leisure activities) were disturbed by child illness and the physical 
care in about 69% and not affected in 31%. 
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3.5 Psychological Impact of the Child Hydrocephalus 
on the Family:  
3.5.1 Anxiety: 
Table 7 shows that the majority of mothers were severely 
anxious 91%.  6% had moderate anxiety, and 3% were normal  
(i.e. had no anxiety).  
3.5.2     Depression: 
Table 8 shows that 7% of mothers were normal, while 41% 
had sever depression, and 52% had moderate depression.   
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Table (1): Distribution of Age of the children 
among the study group (n=100) : 
 
 
 
 
 
 
 
 
Age group Percentage (%) 
   < Month 14 % 
   1 – 6 months 46 % 
   7 – 12 months 16 % 
   1 year - < 2 years 15 % 
   2 years – 16 years 9 % 
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Table (2): Distribution of the residence of the 
children among the study group (n=100) : 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Residence Percentage (%) 
     Urban 52 % 
     Rural 29 % 
     Peri urban 19 % 
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Table (3) : Correlation between the first born and type of   
                  hydrocephalus among the study group (n=100) :  
 
 
 
 
 
 First born  
Type of 
hydrocephalus First born Later born Total 
Congenital H 25.4 % 74.6 % 100 % 
Acquired H 0 % 100 % 100 % 
 
 
 
 
 
Chi – square  = 8.96 
 P value             = 0.003 
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Table (4) : Correlation between age of the mothers and type of   
                  hydrocephalus among the study group (n=100) :  
 
 
 
 Age of the mother  
Type of 
hydrocephalus < 25 years ≥ 25 years Total 
Congenital H 88.9 % 64.4 % 71 % 
Acquired H 11.1 % 35.6 % 29 % 
Total 100 % 100 % 100 % 
 
 
 
 
 
Chi – square  = 5.74 
P value   = 0.01 
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Table (5) : Distribution  of  the income of the family among the 
study group (n=100) : 
 
 
 
 
 
 
Income/Month Percentage (%) 
     < 10.000 SD 10 % 
     10.000 – 19.999 SD 49 % 
     20.000 – 29.999 SD 22 % 
     ≥ 30.000 SD 19 % 
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Table (6): Distribution of cost of treatment among the study 
group (n=100) : 
 
 
 
 
 
 
 
Income/Month Percentage (%) 
     < 50.000 SD 8 % 
    50.000 – 99.999 SD 70 % 
     ≥ 100.000 SD 22 % 
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Table (7): Distribution of anxiety of the mothers among the 
study group (n=100):  
 
 
 
 
 
 Frequency Percentage 
Normal 3 3 % 
Moderate 6 6 % 
Sever 91 91 % 
Total 100 100 % 
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Table (8): Distribution of depression of   the mothers among 
the Study group (n=100):  
 
 
 
 
 
 Frequency Percentage 
Normal 7 7 % 
Moderate 52 52 % 
Sever 41 41 % 
Total 100 100 % 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 62
Fig (1) : Distribution   of  Age   of   children   among  the  study group 
(n=100) : 
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Fig (2) : Distribution   of   Gender   among    the   study   group 
(n=100): 
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Fig (3) : Distribution of Origin of parents  among  the                
              study group (n=100): 
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Fig (4) : Distribution  of  Consanguinity of parents of the study  
              group (n=100): 
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Fig (5) : Distribution  of  Family   history   of  similar  condition 
              among the study group (n=100): 
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Fig (6) : Distribution of mother’s age among the study group                
               (n=100): 
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Fig (7) : Distribution  of  Pattern  of hydrocephalus among  the   
              study group (n=100): 
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Fig (8) : Distribution of PMH, Post encephalitis, Post tumoural 
              in   the   acquired   hydrocephalus   ( 29 % )  
              among the study group (n=100):  
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Fig (9) : Distribution of  hydrocephalus with associated  
              anomalies among the study group (n=100)  : 
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Fig (10) : Distribution  percentile  of the height  & weight of the   
                study Group (n=100): 
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Fig (11) : Distribution of Head Circumference among the study  
                Group (n=100): 
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Fig (12) : Distribution  of  operated  patients  among  the study  
                group (n=100): 
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Fig (13) : Distribution of Father education among the study  
                group (n=100) :  
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Fig (14) : Distribution of Mother education among the study  
                group (n=100) :  
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Fig (15) : Distribution of Father Occupation among the study  
                group (n=100) :  
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Fig (16) : Distribution of Mother occupation among the study  
                group (n=100) :  
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Fig (17) : Distribution  of Financial  support   of  the   family   
                (n=100):  
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Fig (18) : Distribution   of   marital   life after illness among the  
                study group (n=100) :  
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Fig (19) : Distribution   of    social   life after illness  among the  
                study group (n=100) :  
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Chapter Four 
4-1-  DISCUSSION  
             This study is cross sectional hospital based study conducted 
during the period from May to August 2005,it included (100)  patients of 
hydrocephalus referred from different parts of Sudan to three major 
hospitals  (El Shaab Teaching Hospital, Soba Teaching Hospital and Al 
Rrabat Hospital) in Khartoum state where most of the cases of 
hydrocephalus are treated. 
4.1.1. General characteristics of children in the study:  
4.1.1.1. Age:   
 The children in this study were of different ages, the majority 
(76%) were less than one year and this goes with the findings of a 
previous study in Sudan done 30 years ago by Aziz I.A.68 This can be 
explained by the fact that congenital hydrocephalus and infantile 
hydrocephalus are usually diagnosed early because of their obvious 
clinical pattern of presentations i.e. (increase head size, sun setting 
appearance, dilated scalp veins and    bulging fontanels).    
4.1.1.2. Gender:   
            The males (62%) out numbered the females   i.e. there are slight 
male predominance and this correlates with the ratio in a previous study 
done in Sudan by Adam M.E69. Although generally it is known that in 
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hydrocephalus there is no sex predominance but there are some cases of 
aqueduct stenosis that inherited as sex linked recessive trait 5.   
4.1.1.3. Residence and origin:   
Most of the referred patients were reside in urban and peri urban 
areas (71%) and originated from regions out side the Khartoum State 
(55%), this can be attributed to the deficiency of health services in Sudan 
and that the Khartoum State is the major center for treatment of 
hydrocephalus. 
4.1.1.4. Consanguinity and family history:   
Sixty three percent of children with hydrocephalus were an out 
come of consanguineous marriage and there was positive family history 
in about 3% of the cases. This might be considered in the causation of 
congenital hydrocephalus as there are some cases of aqueduct stenosis 
that inherited as X-linked34. These findings goes with those  in a study 
conducted by Murshid W.R72 in Saudi Arabia ,in which 73% of there 
patients were the out come of consanguineous parents and 4 patients had 
positive family history.  
 
4.1.1.5. Parity: 
           Another interesting point is that 74.6% of children with congenital 
hydrocephalus were the later born children, in comparison to the study 
done in France concerning the environmental and genetic factors in 
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congenital hydrocephalus, there was no differences appeared between the 
mothers of children having congenital hydrocephalus and the controls for 
the parity85. This might explained by the nutritional deficiency during 
pregnancy in Sudan  especially for folate, which is one of the leader 
causes of NTDs, as shown by the study of Nugud. A,70 which in turn 
i.e(NTDs) are highly associated with CH86.  
4.1.1.6. Mothers’ age:   
 Most of the mothers in the study were >25 years of age (73%), out 
of them a significant percentage (64.4%) had children with congenital 
hydrocephalus.   Although there was no study that pointed to the 
association of congenital hydrocephalus with the maternal age, in 
Sultanate of Oman Neural Tube Defect (NTDs) and congenital 
hydrocephalus were studied by Rajab A73 and there was association of 
increased maternal age with NTDs.  As the NTDs are one of the major 
causes of congenital hydrocelphalus86  this association between the 
maternal age and congenital hydrocelphalus might be considered.  
4.1.2. Disease characteristics:  
4.1.2.1. Pattern of hydrocephalus: 
Concerning the disease characteristics: hydrocephalus in this study 
was mainly congenital (71%), out of them (38%) were associated with 
NTDs, (37%) meningomyelocele (1%) encephalocele and this is strongly 
goes with above mentioned points.  
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  On the other hand (22%) of the acquired types were post 
meningitic hydrocephalus which correlated with the previous study in 
Sudan done 5 years ago by Adam M.E69 in which the congenital 
hydrocephalus was (69.8%) and the PMH (30.2%) but differ from that 
obtained by the study of Aziz I.A 68 in which the acquired cases of 
hydrocephalus were (76.4%) and the congenital hydrocephalus (23.6%) 
.This was attributed to the epidemic of meningitis in 1993 in Sudan and 
could reflect that the post meningitic hydrocephalus is declining which 
can be due to immunization and early diagnosis and treatment.  
4.1.2.2. Associated anomalies:  
The congenital hydrocephalus was associated with 
meningomyelocele in about (37%) of the cases in comparison to the last 
mentioned study in which congenital hydrocephalus was associated with 
meningomyelocele in only 4 patients out of 10168.  
This could show the increment of NTDs and congenital 
hydrocephalus in this period.  
Five percent of cases of congenital hydrocephalus had associated 
talipes equina varus and all of them had NTDs,  and this is prove what 
was mentioned by Abdelrahman G.E71 in her recent study that the high 
occurrence of associated congenital anomalies with NTDs means the 
syndromic type of NTDs which is elsewhere considered to be rare is 
rather common in our country70 and this  reflects the factor of genetics in 
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the causation of NTDs  which  on the other hand, specially 
meningomyelocele associated with congenital hydrocephalus in 80-
90%86. 
4.1.2.3. Anthropometric measurements:   
The majority of children in the study (67%) had stunted growth, 
with their weight and height < 3rd percentile for age. This could be 
attributed to the main manifestations of hydrocephalus especially those 
having increased intra cranial pressure which lead to vomiting and refusal 
of feeding1.                                           
              The head circumference of children in the study ranged from                 
35-101 cm., the majority (74%)had head circumference > 90th percentile, 
and between 75-90th in 6% and <75th in20%of cases , in the 2 previous 
studies in Sudan  the head circumference of the patients all above the 90th 
percentile in the study of Aziz I.A68. In Adam M.E69study 91% were > 
90th percentile and the remaining 9 patients between 75-90th percentile. 
The head circumference in these 2 studies was the measured head 
circumference at presentation i.e. before operation, while in this study the 
head circumference of the children was measured for both operated 
(38%) and not operated (62%) children.     
4.1.3. Psychosocial impact of children with hydrocephalus on 
their parents:  
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            In this study another important aspect of hydrocephalus was 
highlighted which is the psychosocial impact of hydrocephalus on 
children and their parents.   
4.1.3.1. Social background of the family: 
• Father’s education and occupation:  Regarding the social back 
ground of the family; twenty one percent (21%) of the fathers were 
illiterates, 23% had completed basic schooling, 37% had secondary 
schooling and 19% were university graduates. Thirty one percent of the 
fathers were employee, 3%teachers, 18% laborers, 46% were unskilled 
laborers and only 2% were not working. The type of occupation and 
level education might reflect their low to moderate socio-economic 
status as there was no study referred to this point before. 
• Mother’s education and occupation: Thirty four percent from 
mothers were illiterates, and 55% their level of educations ranged from 
basic to secondary schooling, 11% university graduates and 2 of them 
were still students in the university. The majority of mothers were 
house wives 93%, teachers in 4% , students in 2%, and 1% was laborer 
and this might reflect  the usual pattern   in Sudan , that most of the 
mothers whether educated or not  are house wives. 
• Income of the family:  The above mentioned could also contribute to 
the low income of the family which was in the majority of cases 
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<20.000SD in59% and this correlates much to the above mentioned 
education and occupation of the parents.  
•  Cost of the treatment: Concerning the cost of treatment, it was high 
in the majority of the cases 70% between (50 to <100.000SD) and this 
is in addition to the burden of multiple visits for follow up and the cost 
of investigations and in comparison to the family financial situation 
means that help was needed from others and it was provided mostly 
from charity organization in 52%, but it accounted for only 50% of the 
treatment cost. Twenty two percent got help from relatives but not on 
regular basis and from the work of the guardian in 4% and no help in 
22%.  Those who didn’t receive help solved their financial problems by 
burrowing money in 9%, selling objects in 4.5%, working extra job in 
9% and there was no change in 77.5%. This could reflect the large 
financial burden of hydrocephalus on the families and goes with what is 
written in the literature about the financial strains caused by the 
numerous visits or surgical procedures which may deplete the family 
financial reserve60.  
• Marital life after illness: The marital life after illness was not altered 
in most of the families 98% , only 2% of the parents were separated 
because of the financial load, and on the other hand it might be due to 
the great stress of parenting an ill child77.   
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• Social life after illness: The social life (social  visits and leisure 
activities) was affected and disturbed by the child illness and physical 
care in most of the families 69% and this can be explained by the 
multiple visits and the frequent hospital admissions that led to 
disturbances of the day to day family life.          
 4.1.3.2. Psychological impact of children with hydrocephalus on their 
parents: 
It was found in this study that most of the mothers were anxious 
and depressed. Anxiety was sever in 91% and moderate in 6% and 
depression was sever in 41% and moderate in52%.This anxiety and 
depression  were not related to  the child behaviors, but to the illness as a 
whole, as it can affect   not only  the child s behaviors but also the motor 
functions in 60%    and this  goes with  what is known as subjective 
burden to which the families are liable , which include  the gummite of  
negative emotional reactions to the parenting care giving, namely, stress, 
tension, anger worry and sadness78.    
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4.2 CONCLUSIONS 
 
1) Congenital hydrocephalus was the main type of hydrocephalus 
constituting about 71% of the cases. 
2) The percentage of PMH is decreasing (22%), which reflects the big 
role of vaccination against meningitis.  
3) Male to female ratio was 1.6 : 1. 
4) The consanguinity, positive family history, parity and increased 
maternal age were associated factors with congenital 
hydrocephalus. 
5) Hydrocephalus as being a chronic illness with its implications is an 
import cause of failure to thrive and malnutritions. 
6) Hydrocephalus constitutes a big financial burden on the families 
because of the high cost of the investigations, treatments, and out 
of necessity, frequent visits and follow up, which made the families 
suffers and look for help to complete the management of their 
children. 
7) Social life of the families of hydrocephalic children was affected 
negatively in the form of restriction of social visits and leisure 
activities. 
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8) Psychological status of the families was affected largely; most of 
the guardians were anxious and depressed because of the illness of 
their children and its complications. 
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4.3 RECOMMENDATIONS 
 
1) Further studies are needed to search about the congenital causes of 
hydrocephalus as it is becoming the main type of hydrocephalus 
nowadays. 
2) Early detection and treatment of hydrocephalus to prevent its 
complications .This can be started from pregnancy by regular 
antenatal care and then follow up by pediatrician and surgeon.   
3) Hydrocephalus constitutes a big financial burden on the families, 
so efforts are needed to overcome this important issue and it will 
not be solved unless it is offered by large group employment 
policies and the government. 
4)  Psychiatrists, social workers, mental health counselors, general 
practitioners, or even the paediatricians can provide much help in 
relieving the psychological upset of the children and their families. 
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